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Introduction
Cardiovascular disease (CVD) is a major concern not just in Korea, but also globally. Metabolic syndrome (MetS) is associated with various cardiometabolic risk factors, including central obesity, glucose dysregulation, elevated blood pressure, and dyslipidemia, resulting in higher mortality. Recently, the prevalence of MetS has sharply increased in Korea recently [1] , affecting 32% of men and 26% of women, according to the Ministry of Health and Welfare of Korea in 2010 [2] . The factors contributing to the pathogenesis of MetS are poorly understood. Sleep duration has been suggested as a potential risk factor for MetS and/or its components, but the few studies that examine the impact of sleep duration on MetS report heterogeneous findings [3] . Moreover, there is a disagreement about whether the components of MetS represent a unique physiologic substructure or are merely a cluster of health hazards [4] . In addition, most previous studies with regard to the association between sleep duration and components of MetS were conducted on Caucasian populations [4] [5] [6] [7] [8] [9] [10] [11] [12] .
International Journal of Endocrinology
Some studies indicated that sleep duration might be associated with cardiometabolic outcome in women only [6, 8, 9, [12] [13] [14] . Moreover, MetS seems to worsen the prognosis of CVD in women and is associated with a greater risk for CVD in women compared to men [4] [5] [6] [7] [8] [9] 13] . In addition to this, the prevalence of sleep disturbance in women has been reported to be high [15] ; however, most studies on sleep disturbances have been conducted in men [16] . There is a need to investigate this association between sleep duration and MetS in Korean women. To this end, in the current study, we used reliable data from the Fourth and Fifth Korea National Health and Nutrition Examination Surveys (KNHANES IV and V), which are cross-sectional surveys of a nationally representative Korean population. We hypothesized that both short and long sleep duration are associated with increased risk for cardiometabolic disease in Korean women. [2007] [2008] [2009] [2010] [2011] [2012] are nationwide surveys that represent the noninstitutionalized Korean population and are conducted by the Korea Centers for Disease Control and Prevention. It consists of the Health Interview Survey, Health Examination Study, and Nutrition Survey. A stratified, multistage probability sampling design was used, and all subjects provided informed consent prior to inclusion. Initially, there were 11,303 female adults (20-75 years) recruited from KNHANES IV and V. From this, 97 pregnant women were excluded due to physiological changes that occur during pregnancy. Moreover, we excluded 457 participants who reported that they were diagnosed with chronic renal failure, congestive heart failure, angina, myocardial ischemia, stroke, and several types of cancers (including stomach, liver, colon, breast, lung, and cervical cancer), and those who were carriers of hepatitis B or C. Participants who were on antihypertensive, antidyslipidemic, or antihyperglycemic medications were also excluded ( = 2.191). Lastly, participants who did not have enough fasting time (under 8 hours) before blood sampling were excluded ( = 53). Thereafter, the final study group was comprised of 8505 relatively healthy women, between the ages of 20 and 75 years. Figure 1 illustrates the inclusion and exclusion process.
Methods

Study Population. KNHANES IV and V (
Diagnosis of MetS.
Based on the criteria of the National Cholesterol Education Program-Adult Treatment Panel III (NCEP ATP III), MetS was defined as the presence of three or more of the following [17] : (1) HDL cholesterol (HDL-C) < 50 mg/dL, (2) triglycerides (TG) ≥ 150 mg/dL, (3) waist circumference (WC) > 80 cm (adopted from the International Obesity Task Force criteria for the Asian-Pacific population) [18, 19] , (4) blood pressure (BP) ≥ 130/85 mm Hg, and (5) fasting plasma glucose ≥ 100 mg/dL.
Classification of Sleep Duration.
The participants filled in a self-reported questionnaire with the question: "how many hours, on average, do you sleep a day?" Based on the answer, the subjects were classified into five groups: short sleep group (≤5 h), short sleep group (6 h), reference sleep group (7 h), long sleep group (8 h), and very long sleep group (≥9 h) [20] . † Ordinary activities including working, studying, chores, or leisure activities.
‡ Medicines for antihypertensive, antihyperlipidemia, antihyperglycemic effect. HF: hepatic failure; RF: renal failure; LC: liver cirrhosis; CRF: chronic renal failure; MI: myocardial infarction; HBV: hepatitis B virus; HCV: hepatitis C virus.
Associated Factors.
Except for body mass index (BMI), the rest of the factors were self-reported: smoking status (never, past, or current), monthly income (≤$1000, $1010 to <$3000, or ≥$3000/month), alcohol consumption (never, ≤once a month, or ≥once a week)-with high-risk drinking defined as drinking more than five cups (standard drink) on average per occasion and drinking more than two times per 
Statistical Analysis.
The characteristics of the study population were compared according to sleep duration, via an analysis of variance for continuous variables and chisquared test for categorical variables. Logistic regression analysis was used to estimate the odds ratios for MetS and its components for each group. We chose 7 h of sleep a day as the reference category, because the average sleep duration is about 7 h a day in our study population. Model 1 was adjusted for socioeconomic variables, such as age, monthly income, and educational level. In Model 2, in addition to the adjustments made in Model 1, behavior patterns (smoking status, physical activity, alcohol intake, and energy intake) were also considered in the adjustment. Finally, BMI was additionally adjusted for in model 3. values were calculated for the trends observed in a logistic regression analysis. Statistical significance was set at < 0.05. All statistical analyses were performed using Stata/SE 12.1 (StataCorp, College Station, TX, USA). Table 1 represents the characteristics of the study population ( = 8,505) according to sleep duration. Women with shorter sleep duration were more likely to have lower monthly income and participate in more vigorous exercise than those with long sleep duration. Compared to the reference sleep group, the prevalence of MetS was higher in very short sleep group. With regard to the components of MetS, waist circumference (WC), systolic and diastolic blood pressure, TG, and fasting plasma glucose levels increased with decrease in sleep duration. Table 2 shows the odds ratios for the components of MetS according to sleep duration. After adjusting for potential confounding factors in model 3, the odds of having reduced HDL-C levels and high TG levels increased as sleep duration increased ( -trend < 0.01). According to model 3, subjects who slept for less than 5 h had 18% and 13% lower odds, and subjects who slept for 6 h had 14% and 19% lower odds for reduced HDL-C and high TG levels, respectively, compared to those who slept for 7 h. In addition, sleep duration of ≥9 h was associated with 1.48 times higher odds ratios for high TG levels and 1.13 times higher odds ratios for reduced HDL-C levels. Conversely, an inverse trend was observed for abdominal obesity; according to Models 1 and 2, the odds ratios for elevated WC decreased as sleep duration increased ( -trend < 0.01). This trend was attenuated in model 3, and thereby not significant ( = 0.21). Impaired fasting glucose levels only showed an increasing trend as subjects slept longer, but the increase was not significant. High blood pressure was associated with sleep duration in the unadjusted model, but the association was not significant in the multivariableadjusted models. Table 3 shows the association between sleep duration and MetS. A unique association was observed between sleep duration and prevalence of MetS in the unadjusted model. However, after adjusting for BMI (model 3), the odds ratios for MetS increased as sleep duration increased ( < 0.01).
Results
Characteristics of the Study Population.
Sleep Duration and Cardiometabolic Risk Factors.
Sleep Duration and MetS.
Age and BMI appear to be large, independent confounders of MetS when comparing short and long sleep durations with normal sleep duration. Therefore, we analyzed more specifically the MetS according to sleep duration by age and BMI (Table 4) . We categorized the participants into 4 subgroups by using age (by 40 years old) and BMI (by 25 kg/m 2 ; the threshold of obesity in Korean population) cutoff points. The odds ratios of subgroups with larger BMI (over 25 kg/m 2 ) increased as sleep duration increased. Next, we analyzed the association between metabolic syndrome and sleep duration via a stratification for BMI and age (Table 5 ). In the young-age group (≤40 years), very long sleep duration was associated with 2.00 times higher odds ratios for MetS. In the old-age group (>40 years), very short sleep duration was associated with 28% lower odds ratios for MetS. In addition, the odds ratios for MetS in both age groups increased as sleep duration increased. Meanwhile, in the higher BMI group (over 25 kg/m 2 ), very long sleep duration was associated with 1.52 times higher odds ratios and very short sleep duration was associated with 38% lower odds ratios for MetS than the reference group. As noted above, the odds ratios of subgroups with higher BMI (over 25 kg/m 2 ) significantly increased as sleep duration increased. 
Discussion
Our results suggest that there exists an association between longer sleep duration and increased risk of MetS and its components, especially high TG, reduced HDL-C, and impaired fasting glucose levels, in healthy Korean women. Interestingly, however, an inverse trend was seen with regard to abdominal obesity. Sleep duration has been shown to be associated with various risk factors for cardiometabolic disease [3, 4, 6, 7, 13] . Although several large epidemiologic studies have generally focused on a single cardiometabolic risk factor, the epidemiologic and clinical concepts of MetS presume that abdominal obesity, glucose dysregulation, elevated blood pressure, and dyslipidemia are a cluster of risk factors that act synergistically to influence subsequent cardiovascular diseases. Therefore, in this study, we performed a subanalysis with the components of MetS as cardiometabolic risk factors. To the best of our knowledge, this investigation is the first to evaluate the relationship between sleep duration and MetS, as well as its components in healthy Korean women.
Sleep Duration and Cardiometabolic Risk Factors.
In this study, reduced HDL-C and high TG were associated with longer sleep duration. Since subjects with shorter sleep duration are likely to have a relatively higher socioeconomic International Journal of Endocrinology 5 status (educational level and monthly income) than those with longer sleep duration, they have more time to engage in healthy behaviors and seek more social support and healthcare [23] . In addition, those with shorter sleep duration are more likely to engage in physical activities (especially intense physical activities), which would naturally decrease catecholamine-induced lipolysis and TG levels and increase HDL levels [24] . However, considering that the associations were still significant after adjusting for socioeconomic factors and physical activity, we think that there may be other unknown physiologic mechanisms at play, which should be further explored in future studies. In this study, we also found that the TG levels increased significantly as sleep duration increased, which is in line with the reported epidemiologic data [25] [26] [27] . One plausible explanation for this is that long sleep duration may lead to reduced energy expenditure because more time is spent in bed. In addition, sleep quality, in addition to duration, could be a contributing factor since it has been reported that obstructive sleep apnea and sleep disturbance are more common in individuals with longer sleep duration, and these two conditions are related to insulin resistance and dyslipidemia [28] . Furthermore, previous research has suggested that people with habitually long sleep duration appear to have longer biological nights, characterized by longer periods of elevated serum melatonin and increased levels of serum cortisol, as well as longer periods with reduced body temperature [28] . Moreover, long sleep duration is likely to induce alteration of the intracellular circadian clock whereby anticipation of diurnal variations in the cellular environment, including changes in the circulating levels of nutrients (e.g., glucose, fatty acids, and triglycerides), occurs. Alterations in these molecular mechanisms, particularly within adipocytes, are likely to induce metabolic changes that may potentially increase the TG levels [25] . We found that abdominal obesity was inversely associated with sleep duration. This result is also consistent with other epidemiologic data [25, 27, [29] [30] [31] [32] . Dysregulation of the autonomic nervous system may play a role in the association between sleep duration and obesity, which is mediated by an increase in the hypothalamic-pituitary-adrenal axis activity 6 International Journal of Endocrinology and the activation of systemic inflammatory processes [33] .
In individuals with short sleep duration, sympathetic tone may increase and result in the accumulation of visceral fat via an inhibitory effect on the pancreatic function [34] . In particular, much attention has recently been focused on the responses of leptin, ghrelin (decreased leptin/increased ghrelin), and orexin levels on short sleep duration. Alterations in these hormone levels or patterns of secretion due to sleep deprivation may affect hunger and appetite, resulting in increased risk of overeating and consequently weight gain [9, 11, 25, 31, 35] . Furthermore, it has been reported that there exists an association between increased levels of melatonin secretion and long sleep duration; melatonin regulates inflammatory and immune processes, inhibits deposition of abdominal fat, and enhances insulin sensitivity [36] . The mechanisms underlying the association between long sleep duration and impaired fasting glucose levels are unclear. One possible mechanism is that chronic subclinical inflammation, associated with visceral obesity, may trigger long sleep duration and hyperglycemia due to the sleep-inducing and metabolic effects of proinflammatory cytokines; this may be an adaptive mechanism to promote recovery [20, 33, 37, 38] . Long sleep duration could also be reflective of sleep disorders, such as obstructive sleep apnea, which is associated with obesity, insulin resistance, and diabetes [10, 24, 28, 39] .
Although some epidemiologic studies have reported a significant association between sleep duration and hypertension, other researches, including this study, could not find such association [4, 24, 40] . Since the results are conflicting and mechanisms are not clear, further studies are required to clarify the presence or absence of such association.
Sleep Duration and MetS.
The findings from this study suggest that longer sleep duration is associated with MetS and its components, especially high TG, reduced HDL, and fasting hyperglycemia, in Korean women aged 20-75 years. Interestingly, however, an inverse association was found between longer sleep duration and abdominal obesity. From our subgroup analysis by stratification for BMI and age, sleep duration had a stronger relationship with MetS in subjects who had higher BMI (≥25 kg/m 2 ). In order to interpret this finding, we further analyzed the differences of average sleep duration between the higher BMI group (≥25 kg/m 2 ) and normal BMI group (<25 kg/m 2 ) within each sleep duration group. As a result, in the long sleep group, obese subjects (BMI ≥ 25 kg/m 2 ) tend to sleep more than normal BMI subjects (9.59 hours versus 9.47 hours, = 0.06), while obese subjects in the short sleep group tend to sleep less than normal BMI subjects (5.44 hours versus 5.56 hours, < 0.05). In other words, obese participants in the short sleep group may have a tendency to sleep much less compared to their counterparts, so they seem to have more negative association with MetS. Conversely, they tend to sleep more in the long sleep group; therefore, they seem to have a greater positive association with MetS. Considering that extreme sleep duration seems to be closely related to MetS, we could confidently suggest that sleep duration may have a positive association with MetS. In addition, from these findings, it seems that these components may synergistically affect the pathogenesis of cardiometabolic diseases. Further research is needed to confirm these findings and investigate the biological mechanisms that link sleep duration with MetS and its components (cardiometabolic risk factors). Additionally we analyzed the relationship between sleep duration and metabolic syndrome in Korean men population (from KNHANES IV and V) for the comparison with women population. In Korean men, sleep duration was negatively associated with metabolic syndrome, but not significant (see supplementary Table 2 in Supplementary Material available online at http://dx.doi.org/10.1155/2016/3784210).
Limitations and Strengths.
One of the limitations of this study is the cross-sectional nature of the data, which precludes causal inferences regarding the relationship between sleep duration and MetS. Additional experimental and prospective observational studies are needed to evaluate the extent to which sleep duration affects, or is affected by, MetS and its components. We excluded some participants who take antihypertensive, antidyslipidemic, or antihyperglycemic medications because we wanted to investigate the relationship between sleep duration and metabolic syndrome only in healthy Korean women. However, such exclusion did not fully meet the ATP III criteria; hence, we additionally analyzed the relationship between sleep duration and Table 4 : Prevalence (%) and odds ratio (95% confidence interval) for the metabolic syndrome meeting ATP III criteria according to sleep duration by age and BMI.
Sleep duration (hours a day) International Journal of Endocrinology metabolic syndrome in a population that included some participants taking antihypertensive, antidyslipidemic, or antihyperglycemic medications within the original ATP III criteria (see supplementary Table 1 ). Furthermore, we can find the same trend about sleep duration and metabolic syndrome. Another limitation is the use of data with selfreported sleep duration as opposed to a direct measurement of sleep duration. Although previous studies have shown good agreement between self-reported sleep duration and measured sleep duration using a polysomnography or actigraphic monitoring [41] , the validity of utilizing a single question is still nonetheless questionable. However, because we incorporated national epidemiological survey data in this study, it would have been impractical to measure sleep duration several times. We also did not consider people who suffer from obstructive sleep apnea, which is known to be a causative factor for MetS and insulin resistance, insomnia, people who nap during the day, and those who work nightshifts. Finally, because this study was conducted on Koreans, the results cannot be generalized to other races or ethnic groups with different cardiometabolic risk profiles or different sleep patterns. Nevertheless, an important strength of this study is that we used data from KNHNES, which was a large-scale survey with reliable countrywide sampling. Furthermore, the relationship between sleep duration and MetS including its components was confirmed after making adjustments of various potential risk factors for MetS.
